This paper presents investigation of methods for reducing light pulsation and plasma temperature inside a high intensity discharge (HID) lamp arc tube. Differences found in light emission of an arc tube plasma channel under different power supply methods are presented and discussed in this work. The novelty of the paper lies in systematical investigation of different power converter supply methods and demonstrating that it has a significant influence on plasma temperature in an arc tube. The tested lamp was powered by electronic ballasts controlled by different algorithms, which forced their current waveform. To compare the results, the authors performed measurements on a discharge lamp powered by a standard electromagnetic ballast. The investigation of plasma parameters is based on the optical spectroscopy method. It was shown that by using the appropriate current shape of a high switching frequency supply converter, the plasma temperature of an HID lamp can be reduced almost by half.
Plasma theory
Plasma is a source of optical radiation. One of the methods used to examine this state of matter is optical spectroscopy. The spectrum of plasma radiation carries a lot of information about atoms or ions, such as the type of gases used in discharge lamps, and the conditions in which they are located. All the processes taking place in radial plasma can be interpreted as a transition between two different quantum energy states. Processes involving the radiation of electrons and atoms (or ions) occur when an electron moves in an electrical field from one charged particle to another, usually an ion. As a result of its interaction with this particle, part of the path of the electron is curved. The temperature inside the arc tube of a discharge lamp is the parameter that determines the appropriate spectral distribution of the energy emitted by the plasma discharge, and the corresponding luminous efficiency. In the radiation spectrum of an HID lamp, there are a number of lines, characteristic of excited atoms. The shape of the spectral line reveals the conditions (pressure and temperature) prevailing in the discharge lamp. Fig. 1 shows a view of luminous plasma in a cold arc tube, whereas Fig. 2 shows luminous plasma in a hot arc tube.
Introduction
The light is one of the main factors affecting the human body. Its quality is very important in various areas of life, including physiology, medicine, stimulation, relaxation, and sense of security. One of the parameters which determines the quality of light flux is its pulsation, and it depends on the method used to supply power to a given light source. Investigations of light flickering generated by light sources are presented in [5] and [6] . Another parameter which determines light emission is the plasma temperature. This parameter has an influence on the spectrum of the emitted light and on its intensity. Decreasing the plasma temperature extends the life of the lamp. Publications [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] present theoretical descriptions of a plasma channel and research on this specific state of matter. [2] presents some research on minimization of light flicker, which is dependent on RMS voltage fluctuations in the electrical grid. Light flicker has been also studied in [7] , during changes in the shape of a plasma channel, caused by acoustic resonance in the tubes of discharge lamps. In [4] , the influence of flicker, at a frequency ranging from few to several dozen Hz, on the brain's electrical activity has been examined using an electroencephalography apparatus (EEG) . Light flickering at a frequency of 8-10 Hz results in synchronization of alpha1 and alpha2 brain waves. The same frequency range increases the blood flow to the human eye, which is discussed in [3] . The study of the human eye's response to light flicker, based on a highly developed simulation model is discussed in [1] . None of the referred above publications provides a comparison of the influence of power supply methods on plasma temperature and light flux quality. From a theoretical point of view, the radial temperature distribution inside the arc tube of a discharge lamp, can be determined by examining variations, along the radius of the arc tube, in the intensity of the following:
• Optically narrow spectral lines • Reverse non-resonance lines • Inverted resonance lines For each type of line, there is a different theoretical approach for determining the temperature relation T(r), and in each of these three cases, the following assumptions should be taken:
• The plasma has a cylindrical symmetry • In the plasma, there is a local thermodynamic equilibrium • The extension of resonant and non-resonant lines is a result of a collision Assuming that the above conditions apply, the radiation intensity I ν or I λ of an arc tube with a small area is determined by the radiation transport equation: From a theoretical point of view, the radial temperature distribution inside the arc tube of a discharge lamp can be determined by examining variations along the radius of the arc tube in the intensity of the following:
• Optically narrow spectral lines.
• Reverse non -resonance lines.
• Inverted resonance lines.
For each type of line, there is a different theoretical approach for determining the temperature relation T(r), and in each of these three cases, the following assumptions should be taken:
• The plasma has a cylindrical symmetry. • In the plasma there is a local thermodynamic equilibrium. • The extension of resonant and non-resonant lines is a result of a collision.
Assuming the above conditions apply the radiation intensity I ν or I λ of an arc tube with a small area is determined by the radiation transport equation:
Assuming boundary conditions such that I (R) = 0, this leads to:
where: R is the radius of the arc tube, and Ε ν (x) and k '(x) are respectively the emission and absorption coefficients for the x and ν/λ.
Abel inversion -a survey an optically thin line
One method to determine the radial distribution of the temperature and density of particles in a discharge lamp: is the study of an optically thin line by optical spectroscopy. A spectral line is considered to be optically thin, if:
• The absolute intensity of the line is small compared with the intensity of black body radiation for a given wavelength λ and temperature T; • For a multiplet
• The ratio of the measured intensity of the line is close to the predicted theoretical relations from narrow lines. When this ratio begins to approach the values for the black body the lines are optically wide. • The half-width of a weak line is approximately equal to the width of a strong line.
This test method relates to plasma in thermal equilibrium, or at least capable of local thermodynamic equilibrium. This condition occurs in an arc tube of a high pressure sodium and metal-halide plasma discharge lamp. It is also assumed that the light source in question has a cylindrical symmetry, and the extension of the spectral lines is mainly a result of collisions. To achieve the research objective it was decided to perform an experiment involving the spectroscopic examination of an optically thin line with wavelength λ 1 =616.1 nm and λ 2 =515.4 nm in the emission spectrum of 70W high-pressure sodium lamp. The measurements of mentioned wavelengths values were performed by spectroradiometer: Hilger-Engis Monospek 600. If the test concerns the intensity along the x-direction ( Fig. 3) , the observed size is derived from the sum of the intensities of all the layers along the y-direction. Consequently, it can be written as:
where: . (1) Assuming boundary conditions such that I (R) = 0, this leads to: From a theoretical point of view, the radial temperature distribution inside the arc tube of a discharge lamp can be determined by examining variations along the radius of the arc tube in the intensity of the following:
where: (2) where: R is the radius of the arc tube, and Ε ν (x) and k'(x) are, respectively, the emission and absorption coefficients for x and ν/λ.
Abel inversion -a survey of an optically thin line
One method to determine the radial distribution of the temperature and density of particles in a discharge lamp is the study of an optically thin line by optical spectroscopy. A spectral line is considered to be optically thin if:
• The absolute intensity of the line is small, compared to the intensity of black body radiation for a given wavelength λ and temperature T; • For a multiplet:
• The measured ratio of the intensity of the line is close to the predicted theoretical relations of narrow lines. When this ratio begins to approach the values of a black body, the lines are optically wide • The half-width of a weak line is approximately equal to the width of a strong line This test method relates to plasma in thermal equilibrium, or at least capable of a local thermodynamic equilibrium. This condition occurs in an arc tube of a high-pressure sodium and metal-halide plasma discharge lamp. It is also assumed that the light source in question has a cylindrical symmetry, and that the extension of the spectral lines is mainly a result of collisions. To achieve the research objective, it was decided to perform an experiment involving the spectroscopic examination of an optically thin line of wavelength λ 1 = 616.1 nm and λ 2 = 515.4 nm, in the emission spectrum of a 70 W high-pressure sodium lamp. The measurements of the mentioned wavelength values were performed by a spectroradiometer Hilger-Engis Monospek 600.
If the test concerns the intensity along the x-direction ( Fig. 3) , the observed size is derived from the sum of the intensities of all the layers along the y-direction. Consequently, it can be written as: 2 and in each of these three cases, the following assumptions should be taken:
Abel inversion -a survey an optically thin line
• The ratio of the measured intensity of the line is close to the predicted theoretical relations from narrow lines. When this ratio mentioned wavelengths values were performed by spectroradiometer: Hilger-Engis Monospek 600. If the test concerns the intensity along the x-direction ( Fig. 3) , the observed size is derived from the sum of the intensities of all the layers along the y-direction. Consequently, it can be written as:
where: For each type of line, there is a different theoretical approach for determining the temperature relation T(r), and in each of these three cases, the following assumptions should be taken:
• The ratio of the measured intensity of the line is close to the predicted theoretical relations from narrow lines. When this ratio optically thin line with wavelength λ 1 =616.1 nm and λ 2 =515.4 nm in the emission spectrum of 70W high-pressure sodium lamp. The measurements of mentioned wavelengths values were performed by spectroradiometer: Hilger-Engis Monospek 600. If the test concerns the intensity along the x-direction ( Fig. 3) , the observed size is derived from the sum of the intensities of all the layers along the y-direction. Consequently, it can be written as:
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suming the above conditions apply the radiation nsity I ν or I λ of an arc tube with a small area is rmined by the radiation transport equation:
uming boundary conditions such that I (R) = 0, this s to:
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Fig.3. Schematic system of the arc tube light intensity measurements
If the test concerns the intensity along the x-direction ( Fig. 3) , the observed size is derived from the sum of the intensities of all the layers along the y-direction. Consequently, it can be written as:
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Investigation of HID-lamp light emission differences for different power supply methods
The issue under consideration is essentially the determination of T(r) based on the measurement of I(y). The integral type (3) can be reversed using the so-called Abel inversion:
The issue under consideration boils down to the determination of T(r) based on the measurement of I(y). The integral type (3) can be reversed using the so-called. Abel inversion:
The above integral is solved by various numerical methods. Here is one of them: 1. The whole plasma region is divided into n cylinders. Each Ε k (r) should be expressed as a sum contributing to I k (y k ):
This method is preferred by many authors, because it gives a relatively good approximation. This is a method that is recursive. The calculations start from the outer layer f the arc tube and proceed towards the center. In order to calculate the coefficients b ik the test area is divided into N equal cylinders. Then the desired Ε ν function (r) can be represented as:
Assuming that the function I k is alinear function of the variable y 2 , the following may be written:
Since y k =r k is the expression (7) can be written in the form:
In line with the plasma being divided into N equal cylinders of width ω = R/N, with the result that r = ωI and I N = 0, the expression (9) can be represented in the following form:
Thus Ε i (r) can be determined using the measured intensity values of I k . The above issue can be solved by numerical methods. A special algorithm must be created to determine the radial leading temperature distribution and the density of the plasma particles studied for two optically thin lines out of the same multiplets. Then they determined E 1 and E 2 for each line separately and then the ratio can be calculated by the following equation:
Making the conversion the equation (13) the temperature T(r) can be calculated.
Power supply methods and the results of high-speed light intensity measurements
4.1 Description of arc tube power supply methods. Fig.4 . shows current waveforms used in research. The above integral can be solved by various numerical methods. Here is one of them: 1. The whole plasma region is divided into N cylinders. Each Ε k (r) should be expressed as a sum contributing to I k (y k ):
4.1 Description of arc tube power supply methods. Fig.4 . shows current waveforms used in research. 
This method is preferred by many authors because it gives a relatively good approximation. This is a method that is recursive. The calculations start from the outer layer f of the arc tube, and proceed towards the center. In order to calculate the coefficients b ik , the test area is divided into N equal cylinders. Then, the desired Ε ν function (r) can be represented as:
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Power supply methods and the results of high-speed light intensity measurements
Since y k = r k is the expression, (7) can be written as:
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Power supply methods and the results of high-speed light intensity measurements
In line with the plasma being divided into N equal cylinders of width ω = R/N with the result that r = ωI and I N = 0, (9) can be represented in the following form:
3
The integral type (3) can be reversed using the so-called. Abel inversion:
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where: the (y). led.
Thus Ε i (r) can be determined using the measured intensity values of I k . The above issue can be solved by numerical methods. A special algorithm must be created to determine the radial leading temperature distribution and the density of the plasma particles studied for two optically thin lines out of the same multiplets. Then they , (11) the (y). led.
Thus Ε i (r) can be determined using the measured intensity values of I k . The above issue can be solved by numerical methods. A special algorithm must be created to determine the radial leading temperature distribution and the density of the plasma particles studied for two optically thin lines out of the same multiplets. Then they . (12) Thus, Ε i (r) can be determined using the measured intensity values of I k . The above issue can be solved by numerical methods. A special algorithm must be created to determine the leading radial temperature distribution and the density of the plasma particles, studied for two optically thin lines of the same multiplet. Then, E 1 and E 2 have to be determined for each line separately, and then the ratio can be calculated with the following equation:
After doing a conversion of (13), the temperature T(r) can be calculated.
Power supply methods and the results
of high-speed light intensity measurements 4.1. Description of arc tube power supply methods. Fig. 4 . shows current waveforms used in research. The waveforms are of different frequencies, therefore all of them are expressed on a scale of electrical degrees. A high intensity discharge (HID) lamp was powered by four different current waveforms, generated by four different ballasts. Two of the ballasts (powered in accordance with Method 1 and Method 3) were designed and manufactured by the Electrotechnical Institute (Warsaw, Poland). The topology of converters is halfbridge and full-bridge. Power diodes used in the designed con--the energy issue energy -partial pressure of the p-type particles -split functionality in the first approximation, equal to the weight of the statistical base line test atom -temperatures proper for the r (r varies from 0 to R, where R is the radius of the arc tube) e under consideration is essentially the n of T(r) based on the measurement of I(y). type (3) can be reversed using the so-called n:
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Thus, Ε i (r) can be determined using the measured intensity values of I k . The above issue can be solved by numerical methods. A special algorithm must be created to determine the leading radial temperature distribution and the density of the plasma particles, studied for two optically thin lines of the same multiplet. Then, E 1 and E 2 have to be determined for each line separately, and then the ratio can be calculated with the following equation:
Power supply methods and the results of high-speed light intensity measurements
4.1 Description of arc tube power supply methods. Fig.4 . shows current waveforms used in research. The waveforms are of different frequencies, therefore all of them are expressed on a scale of electrical degrees. A high intensity discharge (HID) lamp was powered by four different current waveforms, generated by four different verters are SiC diodes. Their characteristics are described in [8] . The power loss reduction methods, partially used in control algorithms, are presented in [9] . The other two converters (powered in accordance with Method 2 and Method 4) are used commercially in large-area lighting applications.
The research was performed on a 70 W ZS-HPS070-27-type sodium lamp, manufactured by Brilum. Power consumption in each of the power supply methods was P = 70 W (U = 70 V, I = 1 A).
Description of the high-speed light intensity measurements.
High-speed measurements were performed using two methods. The measurements utilizing the first method were taken using a FASTCAM SA X2 Photron high-speed camera, shown in Fig. 5 . form, where 100% is the maximum intensity, measured in all four power supply methods. Fig. 6 shows the full diagram of a high-speed light intensity measurement test stand, equipped with a high-speed camera, a high speed photoelectric transducer, an MSO2024 Tektronix oscilloscope, a TCP0030 current probe, a discharge lamp ballast, and a voltage power supply system.
Measurements of the arc tube light intensity.
The highspeed camera shown in Fig. 5 recorded four movies -one for each power supply method of the plasma behaviour in the arc tube, at a speed of 300000 frames per second. This means that a frame was captured once every 3,33 µs.
Only 5-6 frames from each power supply method were chosen from the set of recorded frames (graphic files) for the light intensity analysis. The frames were taken from a range of current time values from 0 to 180 degrees (Fig. 4) . Then, measurements of the pixel values in the 8-bit range (0-255) were performed along the red measurement line shown in Fig. 7(A) . The results of the pixel values of the arc tube intensity along the line are shown in Fig. 7(B) . diodes. Their characteristics are described in [8] . er loss reduction methods partially used in control rithms are presented in [9] . The other two converters ered in accordance with Method 2 and Method 4) are commercially in large area lighting applications. he researches were preformed on 70W sodium lamp : ZS-HPS070-27, manufactured by Brilum company. er consumption in all power supply methods were 0W (U=70V, I=1A).
Description of the high-speed light intensity surements.
High-speed measurements were ormed with two methods. The first method was done g a FASTCAM SA X2 Photron high-speed camera n in Fig.5 . ig.5. View of the high-speed camera and light blocking filter used during the tests he pixels in the camera matrix measured the light es in an 8 bit range, where 0 is totally dark and 255 is imum intensity. The second method was done using a oelectric transducer with a photodiode as shown in 6.
ig.6. Test stand for measurements of light flux waveform using a photodiode and a high-speed camera he article presents a comparison of the differences in t emissions for the mentioned power supply methods.
all results the light intensity has been described in 4.3 Measurements of the arc tube high-speed camera shown in Fig.5 (one for each power supply me behaviour in the arc tube at a speed second. This means that the movi every 3,33 us. The pixels in the camera matrix measured the light values in an 8-bit range, where 0 is completely dark and 255 is maximum intensity. The measurements using the second method were taken using a photoelectric transducer with a photodiode, as shown in Fig. 6 .
This article presents a comparison of the differences in light emissions for the mentioned power supply methods. For all of the results, the light intensity has been presented in percentage s are described in [8] . artially used in control he other two converters hod 2 and Method 4) are ghting applications. d on 70W sodium lamp ed by Brilum company. r supply methods were -speed light intensity measurements were e first method was done tron high-speed camera and light blocking filter used sts atrix measured the light is totally dark and 255 is
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Research results for Method 1. This method con
Research results for Method 1.
This method consists of powering the discharge lamp with a pulse current with amplitude stabilization and periodic changes of direction. The ballast circuit consists of an EMI filter, an active PFC system, and an inverter designed in half-bridge topology. The circuit allows for power to be supplied to the discharge lamp through the inductor L1. A view of the ballast topology, used in accordance with Method 1, is shown in Fig. 8 , where: LP -discharge lamp, and X, Y -ignition coil terminals. After being switched on, the lamp current reaches the predetermined level, and then it is switched off. Before switching the lamp current on for the next pulse, the value of the current is zero. The Investigation of HID-lamp light emission differences for different power supply methods
Research results for Method 2.
This method consists of powering the discharge lamp with an amplitude-stabilized alternating current. After being switched on, the lamp current is stabilized at a predetermined level for a certain period of time, and after that period of time, the direction of the current changes.
A view of the ballast topology used to supply power to the lamp in accordance with Method 2, is shown in Fig. 11 , where: LP -discharge lamp; X, Y -ignition coil terminals; CS -lamp current transducer.
Research results for Method 1.
This method consists of powering the discharge lamp by a pulse current with amplitude stabilization and periodic changes of direction. The ballast circuit consists of an EMI filter, an active PFC system and an inverter designed in half-bridge topology. The circuit allows power to be supplied to the discharge lamp through the inductor L1. A view of the ballast topology used in accordance with Method 1 is shown in Fig.8 , where: LP -discharge lamp; X,Y -ignition coil terminals. After being switched on, the lamp current reaches the predetermined level and then it is switched off. Before switching on the lamp current for the next pulse, the value of the current is zero. The frequency of changes in the lamp current direction is approximately 80 Hz, and the current amplitude stabilization frequency is approximately 40 kHz. Arc intensity values across the arc tube for Method 1 er supply method described is characterized distribution of arc intensities between the nd maximum current level. During the current It causes the arc intensity ( Fig.13 ) to have the same values all the time except at the current zero crossing moment. When the current changes direction, the light generated by the lamp is reduced by 23%. Under all other conditions the plasma intensity is constant at a level of 65% of the maximum measured intensity. Fig. 13 . Arc intensity values across the arc tube for Method 2 Fig. 10 . Arc intensity values across the arc tube for Method 1 Fig. 9 . CH2-lamp current, CH3-light flux (Method 1) Fig.9 . CH2-lamp current, CH3-light flux. Method 1 Fig.10 shows arc intensity across the arc tube and its changes over time. The power supply method described is characterized by a linear distribution of arc intensities between the minimum and maximum current level. During the current zero-crossing the arc tube still emits light radiation, which means the energy is contained in the plasma channel even if the current is zero.
Research results for Method 2.
This method consists of powering the discharge lamp with an amplitudestabilized alternating current. After being switched on the lamp current is stabilized at the predetermined level by a certain period of time, and after such period of time the direction of the current changes.
A view of the ballast topology used to supply power to the lamp in accordance with Method 2 is shown in Fig.11 , It causes the arc intensity ( Fig.13) to have th values all the time except at the current zero c moment. When the current changes direction, th generated by the lamp is reduced by 23%. Under a conditions the plasma intensity is constant at a l 65% of the maximum measured intensity. frequency of changes in the direction of the lamp current is approximately 80 Hz, and the current amplitude stabilization frequency is approximately 40 kHz. Fig. 10 shows arc intensity across the arc tube and its change over time.
The described power supply method is characterized by a linear distribution of arc intensities between the minimum and maximum current levels. During the current zero-crossing, the arc tube still emits light radiation, which means that the energy is contained in the plasma channel, even if the current is zero. if the current is zero.
A view of the ballast topology used to supply power to the lamp in accordance with Method 2 is shown in Fig.11 , where: LP -discharge lamp; X,Y -ignitron coil terminals; CS -lamp current transducer. Figure 12 shows the waveforms of the lamp current and light flux emitted by the lamp. The current value is stabilized at a predetermined level, with periodical changes in direction.
It causes the arc intensity ( Fig. 13 ) to have the same values all the time, except for at the current zero-crossing moment. shows arc intensity across the arc tube and its s over time.
g. 10. Arc intensity values across the arc tube for Method 1 power supply method described is characterized inear distribution of arc intensities between the um and maximum current level. During the current ossing the arc tube still emits light radiation, which the energy is contained in the plasma channel even urrent is zero.
search results for Method 2. This method consists ering the discharge lamp with an amplitude- It causes the arc intensity ( Fig.13 ) to have the same values all the time except at the current zero crossing moment. When the current changes direction, the light generated by the lamp is reduced by 23%. Under all other conditions the plasma intensity is constant at a level of 65% of the maximum measured intensity. When the current changes direction, the intensity of the light generated by the lamp is reduced by 23%. Under all other conditions, the plasma intensity is constant at a level of 65% of the maximum measured intensity.
Research results for Method 3.
This method consists of powering the discharge lamp with a high-frequency alternating current with a 50% duty cycle. Fig. 14 shows a view of the electronic ballast used to supply power to the discharge lamp in accordance with Method 3, where: LP -discharge lamp; X, Y -ignition coil terminals, CS -lamp current transducer.
Research results for Method 4.
This method consists of powering a high-pressure discharge lamp with a standard electromagnetic ballast with the voltage value of 230 V. The frequency at which the lamp current direction changes is 50 Hz. This method is used as a benchmark comparison of all the methods described above. A wiring diagram of the electromagnetic ballast used to supply power to the lamp in accordance with Method 4, is presented in Fig. 17 , where: St -electromagnetic ballast; UZ -ignition circuit. Fig. 18 shows the light and current waveforms. At th present moment it is the most popular method of pow supply for discharge lamps. This method of light flu emission is widely used in street and area lightin applications. The power supply method described caus the highest differences in light flux emissions. Fig. 19 shows the arc intensity with the metho described. The maximum value is 100% and represen the highest radiation of all the power supply method tested. 65% and has this same value for the current ro-crossing. 5 . CH1-light flux, CH2-lamp current. Method 3 hows arc intensity across the arc tube and its r time. The minimum value is 5% and represents the lowest intensity of all four methods. Fig.16 shows arc intensity across the arc tube and its changes over time. 
This method consists of powering a high pressure discharge lamp with a standard electromagnetic ballast with a voltage value equal to 230V. The frequency of the changes in the lamp current direction is 50 Hz. This method is used as a benchmark comparison for all the methods described above. A wiring diagram of the electromagnetic ballast used to supply power the lamp in accordance with Method 4 is presented in Fig.17 , where: St -electromagnetic ballast; Uz-ignitron circuit. Fig. 18 shows the light and current waveforms. At the present moment it is the most popular method of power supply for discharge lamps. This method of light flux emission is widely used in street and area lighting applications. The power supply method described causes the highest differences in light flux emissions. Fig. 19 shows the arc intensity with the method described. The maximum value is 100% and represents the highest radiation of all the power supply methods tested. Fig. 13 . Arc intensity values across the arc tube for Method 2 esearch results for Method 3. This method consists owering the discharge lamp by a high frequency nating current with a 50 % duty cycle. Fig. 14 shows ew of the electronic ballast used to supply power to discharge lamp in accordance with Method 3, where: -discharge lamp; X,Y -ignitron coil terminals, lamp current transducer. he ballast circuit ( Fig.14) consists of an EMI filter, ctive PFC system and an inverter designed in fullge topology powering the discharge lamp through the ctor L1. Fig.15 shows the waveforms of the lamp ent and light flux generated. The frequency of changes e lamp current direction is 100 kHz. Its effect is to e the light emission constant. he power supply method described is characterized the most stable light radiation. The intensity of The ballast circuit ( Fig. 14) consists of an EMI filter, an active PFC system, and an inverter designed in full-bridge topology, powering the discharge lamp through the inductor L1. Fig. 15 shows the waveforms of the lamp current and the generated light flux. The frequency of changes in the direction of the lamp current is 100 kHz. The goal thereof is to make the light emission constant. radiation is 65% and has this same value for the current peak and zero-crossing. The minimum value is 5% and represents th intensity of all four methods.
The described power supply method is characterized by the most stable light radiation. The intensity of radiation is 65% and has this same value for the current peak and zero-crossing. Fig. 16 shows arc intensity across the arc tube and its change over time. Figure 18 shows the light and current waveforms. At the present moment, it is the most popular method of power supply for discharge lamps. This method of light flux emission is widely used in street and large-area lighting applications. The Investigation of HID-lamp light emission differences for different power supply methods Fig. 19 . Arc intensity values across the arc tube for Method 4 described power supply method causes the biggest differences in light flux emissions. Fig. 19 shows the arc intensity with the described method. The maximum value is 100%, and it represents the highest radiation of all the power supply methods tested.
Plasma temperature measurements
The primary objective of the experiments was to examine the state of the plasma with regard to the type of ballast stabilizing the arc discharge. The study involved three ballasts controlled by three different algorithms, and one traditional electromagnetic ballast. The minimum value is 5% and represents the lowest intensity of all four methods. Fig. 19 . Arc intensity values across the arc tube for Method 4
Calculation of light flux pulsation
Although two equivalent methods for the calculation of the pulsation value have been traditionally used, they give different results. It is absolutely necessary, to determine which method is used to calculate a given parameter. In this article the author calculates pulsation values using both methods. Table 1 shows the light flux pulsation values obtained as a result of applying the different power supply.
where: bz max -maximum voltage detected by the photodetector, nz min -minimum voltage detected by the photodetector, z meanaverage voltage detected by the photodetector. 
Plasma temperature measurements
The primary objective of the experiments was to examine the state of the plasma depending on the type of The minimum value is 5%, displaying the lowest intensity of all four methods.
Calculation of light flux pulsation
Although traditionally, two equivalent methods for the calculation of the pulsation value have been used, they give different results. It is absolutely necessary to determine which method is used to calculate a given parameter. In this article, the authors calculate pulsation values using both methods. Table 1 The minimum value is 5% and represents the lowest intensity of all four methods. Fig. 19 . Arc intensity values across the arc tube for Method 4
Plasma temperature measurements
The primary objective of the experiments was to examine the state of the plasma depending on the type of , The minimum value is 5% and represents the lowest intensity of all four methods. Fig. 19 . Arc intensity values across the arc tube for Method 4
Calculation of light flux pulsation
Plasma temperature measurements
The primary objective of the experiments was to examine the state of the plasma depending on the type of , (14) where: bz max -maximum voltage detected by the photodetector, nz min -minimum voltage detected by the photodetector, z mean -average voltage detected by the photodetector. . 20 . View of the test stand. A -a 210£350 mm aluminum plate with a 0,2£250 mm slit; B -HID lamp; C -the mechanism to precisely move the aluminum plate with the slit; D -Hilger-Engis Monospek 600 monochromator
The current waveforms of each ballast are described in Fig. 4 . Experimental tests were performed with plasma diagnostics on the arc tube of a gas discharge lamp, by using optical spectroscopy. For this purpose, a special measuring system was designed. Spectral diagnostics measurement of discharge lamps leads to the determination of the radial temperature distribution along the radius R of the arc tube for the different r values, varying from 0 (the axis of the arc tube) to R (the wall of the arc tube). The direction of measurement lies along the y-direction (Fig. 3) . The distance between the lamp and the aluminium plate was ca. 5 cm. The distance between the plate and the spectroradiometer was ca. 2 m. Fig. 21 . View of the experiment. A -the aluminum plate with slit; B -HID lamp; C -the mechanism to precisely move the aluminum plate with the slit K. Tomczuk, P. Mazurek, L. Hemka, A. Kasprowicz, and T. Błażejczyk Accordingly, the device was designed to allow the reciprocal movement of the shutter along the arc tube radius ("y") in a continuous manner. As an object of the diagnostic measurement, a 70 W high-pressure sodium lamp was chosen. The lamp was situated in front of a movable slit. As mentioned above, the best method of plasma temperature distribution analysis in the arc tubes of high pressure sodium lamps is the examination of optically thin lines with a wavelength λ = 515.4 nm and λ = 616.1 nm, belonging to different multiplets. The results of intensity measurement along the radius of the arc tube Iν for the selected spectral lines from the four test ballasts, calculated on the basis of the radial distribution of the plasma temperature of the arc tube are shown in Table 1 and Table 2 . The results of the calculated radial distribution of the plasma temperature along the radius R of the arc tube for all power supply methods are shown in Table 4 . Table 4 Temperature of the plasma inside the arc tube for all power supply methods
Distance from the axis of the arc tube [mm]
Temperature of the plasma inside the arc tube for all power supply methods The distribution of plasma temperature as a function of the radius R inside the arc tube for all power supply methods is presented in Fig. 22 . Fig. 22 . Distribution of plasma temperature inside the arc tube for different power supply methods Fig. 22 . Distribution of plasma temperature inside the arc tube for different power supply methods.
Conclusions
As a result of the experimental work a scheme mapping the radial temperature distribution of a 70W sodium lamp powered by three different electronic ballasts and one electromagnetic ballast. Each ballast forced a different current shape in the arc tube. The study was performed by plasma diagnostics based on emission spectroscopy (to study changes in the intensity of radiation along the radius of the arc tube). The method used in the experiment was based on the testing of two optically thin lines λ = 515,4 nm and λ = 616,1 nm. The results of the absolute values of the radiation intensity were processed using a mathematical inversion of the Abel calculation, in order to obtain distribution of radial 
As a result of the experimental work, a scheme mapping the radial temperature distribution of a 70 W sodium lamp, powered by three different electronic ballasts and one electromagnetic ballast has been established. Each ballast forced a different shape of current in the arc tube. The study was performed by plasma diagnostics based on emission spectroscopy, to study the changes in the intensity of radiation along the radius of the arc tube. The method used in the experiment was based on testing two optically thin lines of λ = 515,4 nm and λ = 616,1 nm. The
